Introduction {#sec1}
============

The qualitative and quantitative examination of weak noncovalent interactions in chemical and biological systems has been a focus area of modern chemistry, ranging from physical--organic and supramolecular chemistry to medicinal chemistry and chemical biology.^[@ref1]^ In biological molecular recognitions, the aromatic rings play the essential role in stabilization of protein structure and in specific interactions between proteins and their substrates, co-substrates, and inhibitors.^[@cit1d],[@ref2]^ Biostructural analyses of proteins in their free and complexed forms revealed that the electron-rich aromatic rings that constitute the side chains of phenylalanine, tyrosine, and tryptophan have the ability to participate in various noncovalent interactions, including cation−π interactions, π--π interactions, sulfur−π interactions, and hydrogen bonding.^[@cit1d],[@cit2c],[@ref3]^

Quantifying the energetics of intermolecular interactions between aromatic rings and polar functional groups, including the positively charged functionalities (i.e., cation−π interactions), in biology remains a challenge, thus several simpler small molecule host--guest systems have been developed for this purpose.^[@cit1a],[@ref4]^ The simplest molecular systems, however, could in principle be based on molecular architectures in which intramolecular interactions are structurally and energetically examined between the cationic moiety and the aromatic ring that are part of the same molecule. In order to provide an advanced understanding of the nature of noncovalent interactions within small molecules, the physical--organic chemistry approaches enabled compelling experimental and computational investigations of intramolecular polar−π interactions that are present in 2,6-diarylpyridines,^[@ref5]^ (2,6-pyridino)paracyclophanes,^[@ref6]^ 2,6-diarylphenyldimethylsilyl cations,^[@ref7]^ and 2,6-diarylbenzoic acids^[@ref8]^ ([Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}). Herein, we report physical--organic chemistry studies on 2,6-diarylanilines and associated 2,6-diarylanilinium ions that provide strong evidence for the existence of stabilizing through-space cation−π interactions between the central anilinium cation and the two neighboring aromatic rings.

![2,6-Diaryl-substituted aromatic systems for studies of through-space interactions. The 2,6-diarylaniline scaffold used in this study is shown in the box on the right.](jo-2017-01406x_0001){#fig1}

Results and Discussion {#sec2}
======================

Early physical--organic chemistry investigations, based on Hammett analysis, on *para*-substituted anilines revealed that through-bond inductive and resonance (mesomeric) effects importantly contribute to their strength of basicity and nucleophilic character.^[@ref9]^ The influence of through-space effects on the basicity of anilines, however, has not been explored in detail.^[@ref10]^ We envisioned that 2,6-diarylanilinium ions possess a proper structural arrangement that allows us to examine the nature and the effect of through-space noncovalent interactions on chemical properties of 2,6-diarylanilines ([Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}). We hypothesized that there is a linear dependence of the basicity of *para*-substituted 2,6-diarylanilines on the Hammett σ values and that such linear trends are not caused by through-bond orbital interactions, but rather by mechanistically distinct through-space orbital interactions.

*Para*- and *meta*-substituted 2,6-diarylanilines **1**--**8** were synthesized in good yields from 2,6-dibromoaniline and *para*/*meta*-substituted phenylboronic acids employing the palladium-catalyzed Suzuki cross-coupling reaction ([Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}).

![Synthesis of 2,6-Diarylanilines **1**--**8** under Suzuki Cross-Coupling Conditions](jo-2017-01406x_0009){#sch1}

We measured p*K*~a~ values for anilines **1**--**8** in aqueous solutions (with 4% methanol) employing an established UV--vis spectroscopy-based method ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}).^[@ref11]^ The observed p*K*a values were then plotted against the Hammett σ values (2σ~para~, because there are two flanking aromatic rings adjacent to the pivotal aniline ring, each having one substituent at the *para* position). As shown in [Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}, it is evident that there is a clear linear correlation (*R*^2^ \> 0.92) between the acidity constants of *para*-substituted 2,6-diarylanilines **1**--**6** and the Hammett σ values. The ρ value for the tested series of anilines **1**--**6** was observed to be +1.1, implying that the acidity of anilines is sensitive to *para*-substituents at the flanking aromatic rings and that, as expected, the positive charge is lost during deprotonation. In this regard, virtually the same ρ value was observed for the series of analogous 2,6-diarylpyridines.^[@ref5]^ The presence of the electron-donating groups (e.g., OMe) leads to a weaker acidity of the anilinium ion (and stronger basicity of the aniline); the observation that could be attributed to through-space stabilization of anilinium ion by the electron-rich aromatic rings. Accordingly, the presence of the electron-withdrawing groups (e.g., CF~3~) makes the anilinium ion a significantly stronger acid.

###### p*K*~a~ Values for Anilines **1**--**8**

  compd   X           σ        p*K*~a~[a](#t1fn1){ref-type="table-fn"}
  ------- ----------- -------- -----------------------------------------
  1       H           0.00     2.97
  2       *p*-OMe     --0.27   3.33
  3       *p*-Me      --0.17   3.21
  4       *p*-F       0.06     2.60
  5       *p*-Cl      0.23     1.90
  6       *p*-CF~3~   0.54     1.78
  7       *m*-OMe     0.12     3.26
  8       *m*-F       0.34     2.53

Determined in H~2~O:MeOH = 96:4

![Dependence of p*K*~a~ values of *para*-substituted anilines **1**--**6** on the Hammett σ values. 2σ is the sum of the Hammett σ values of *para*-substituents on both flanking rings.](jo-2017-01406x_0002){#fig2}

It is noteworthy that substituents at the *meta* and *para* positions of the flanking rings that exhibit significantly different σ~meta~ and σ~para~ values do not substantially alter the p*K*~a~ values of such anilines ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}). We chose OMe and F substituents, respectively, to examine the effect of the position of the substituent at the flanking aromatic rings on the basicity of 2,6-diarylanilines due to the fact that these two substituents exhibit significantly different Hammett values when placed on the *meta* and *para* positions and are presumably the best examples of common substituents to address the nature of interactions employing physical--organic chemistry approaches. For instance, the *meta*-substituted OMe (**7**) and its *para*-substituted counterpart (**2**) have very similar p*K*~a~ values (3.26 vs 3.33), despite having significantly different σ values (0.12 vs −0.27). Similarly, although the *meta*-substituted F (**8**) and the *para*-substituted F (**4**) differ in their σ values (0.34 vs 0.06), they do have comparable p*K*~a~ values of 2.53 and 2.60, respectively. Collectively, these results imply that through-bond effects (induction and/or resonance) do not account for the observed trends in p*K*~a~ values of 2,6-diarylanilines. Instead, based on our Hammett plot analysis and comparison of p*K*~a~ values of *meta*/*para*-substituted 2,6-diarylanilines, it is most likely that through-space cation−π interactions between the central anilinium ion and the two neighboring flanking aromatic rings contribute to the strength of the basicity of 2,6-diarylanilines via different degrees of stabilization of their conjugated 2,6-diarylanilinium ions.

Having shown that *para*-substituents at the flanking aromatic ring affect the p*K*~a~ values of 2,6-diarylanilines in a predictive manner, we then carried out X-ray crystallographic studies with the aim of providing the structural information about the 2,6-diarylanilinium ion. We solved crystal structures of **2**·HCl and **2**·HClO~4~ in high-resolution; the needle-shaped crystals were grown in ethanol at 4 °C.^[@ref12]^ For both complexes, dihedral angles between the central anilinium ion and the adjacent aromatic rings were observed to be 50--60° ([Figures [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"} and [S1--2](#notes-3){ref-type="notes"}). Both flanking aromatic rings exhibit the "parallel" or "eclipsed" orientation, thus allowing two hydrogens of the middle anilinium NH~3~^+^ to associate with electron-rich aromatic rings ([Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}). Structural analyses revealed that the average distances between the closest anilinium N--H^+^ hydrogens and carbon atoms of the adjacent flanking rings are NH-C~α~ 2.6 Å, NH-C~β~ 2.7 Å, NH-C~γ~ 3.7 Å, and NH-C~δ~ 4.5 Å. The remaining third N--H^+^ hydrogen of the anilinium NH~3~^+^ functionality forms the electrostatic interaction with the counterion. The distance between N--H^+^ and Cl^--^ is 2.2 Å, whereas the distance between N--H^+^ and the closest oxygen of ClO~4~^--^ was measured to be 2.5 Å ([Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}). In addition, in the **2**·HCl structure, a water molecule was observed in close proximity (2.0 Å) to one of the anilinium N--H^+^ hydrogens that interacts with the flanking aromatic rings ([Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}).

![Views on the crystal structures of (a) **2**·HCl and (b) **2**·HClO~4~. Important distances (in Å) between hydrogens of the NH~3~^+^ group and the surrounding atoms are shown.](jo-2017-01406x_0003){#fig3}

With the aim of providing a more advanced understanding of the molecular origin for the observed trends of p*K*~a~ values of 2,6-diarylanilines, we then carried out computational studies with basic 2,6-diarylanilines and their corresponding conjugate acids. All calculations were performed with the Amsterdam Density Functional (ADF) program^[@ref13]^ using relativistic density functional theory (DFT) at ZORA-BP86/TZ2P for geometry optimization and energy calculations.^[@ref14]^ The effect of aqueous solvation was simulated by means of the Conductor like Screening Model (COSMO) of solvation as implemented in ADF.^[@ref15]^ The energetically most favorable conformations of the 2,6-diarylanilnium ions **1**--**8** appear at the dihedral angles of 55--58° ([Table S1](#notes-3){ref-type="notes"}). The calculated dihedral angles (NC--C~2~--C~α~--C~β~) for the most stable conformers are in very good agreement with our crystallographically obtained structures of **2**·HCl and **2**·HClO~4~. Moreover, the lowest-energy conformers also possess similar distances to the neighboring aromatic rings as obtained by the determined crystal structures. Furthermore, computational analyses of the most stable conformers illustrate, in line with structural information, that both flanking rings of 2,6-diarylanilnium ions **1**--**8** exhibit the approximate "parallel" or "eclipsed" geometry, that is, both flanking rings are on the same side with respect to the central anilinium cation. This differs from the situation that we found in earlier structural and computational work for the related 2,6-diarylpyridinium ions, in which case we verified that both flanking rings possess the "antiparallel" or "staggered" conformation.^[@ref5]^

The rotation barrier was then calculated for the anilinium cation **1** in the range from 0° to 180°. In line with the crystallographic studies and the optimization of the lowest-energy conformer, rotational barrier analyses confirmed that the energetically most stable structure of cationic **1** possesses the dihedral angle of 58° ([Figure [4](#fig4){ref-type="fig"}](#fig4){ref-type="fig"}; note: only one Ar--Ar dihedral angle is varied, whereas another Ar--Ar dihedral angle is kept fixed at 58°). As clearly seen in [Figure [4](#fig4){ref-type="fig"}](#fig4){ref-type="fig"}, conformations with dihedral angles below 35° are at relatively high energy. Notably, the most unstable structure of the anilinium cation **1** occurs at dihedral angle of 0°. On the other hand, conformers with dihedral angles in the interval between 40° and 130° differ \<1 kcal mol^--1^ in their relative energy Δ*E*, suggesting that multiple conformations could coexist in solution. Again, the rotation barrier graph for the 2,6-diarylanilinium cation well resembles the computed rotation barriers for the analogous 2,6-diarylpyridinium cations.^[@ref5]^

![Dependence of the relative energy Δ*E* of anilinum cation **1** on the dihedral angle φ, computed at BP86/TZ2P.](jo-2017-01406x_0004){#fig4}

Next, we calculated proton affinities (PA) for 2,6-diarylanilines **1**--**8** in the gas phase and in aqueous solution using COSMO ([Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}). Proton affinity energies (Δ*E*^PA^) of anilines **1**--**6** were plotted against the 2σ of *para*-substituents at flanking aromatic rings ([Figure [5](#fig5){ref-type="fig"}](#fig5){ref-type="fig"}). In the gas phase, the data evidently showcase a strong linear relationship between the Δ*E*^PA^ and 2σ with the slope of −8.8 (*R*^2^ \> 0.94). In water, the trend is also linear (*R*^2^ \> 0.84), but the slope of −1.2 is significantly less negative relative to the one in the gas phase. The values of the slopes indicate that, as expected, the proton affinities of 2,6-diarylanilines are substantially more affected in the gas phase than in water by the substituents at the flanking aromatic rings. Moreover, the comparison of Δ*E*^PA^ values of *meta*- and *para*-substituted OMe and F, respectively, highlights comparable proton affinity energies, despite very different values of 2σ for *meta*- and *para*-substituents, again implying that through-space interactions play a dominant role in the stabilization of 2,6-diarylanilinium ions. Taken together, the signature of calculated proton affinity energies is in good agreement with the trend of measured p*K*~a~ values of anilines **1**--**8**; both undoubtedly show that the strength of basicity is highly dependent on the electron-donating/electron-withdrawing properties of substituents located at the distant *meta* and *para* positions of the flanking aromatic rings.

###### Proton Affinity Energies Δ*E*^PA^ (in kcal mol^--1^) for Anilines **1**--**8** Computed at ZORA-BP86/TZ2P

  compd   X           Δ*E*^PA^ in gas phase   Δ*E*^PA^ in water[a](#t2fn1){ref-type="table-fn"}
  ------- ----------- ----------------------- ---------------------------------------------------
  1       H           227.2                   149.8
  2       *p*-OMe     231.2                   150.0
  3       *p*-Me      230.0                   150.0
  4       *p*-F       222.8                   149.4
  5       *p*-Cl      222.3                   149.6
  6       *p*-CF~3~   217.4                   148.0
  7       *m*-OMe     230.7                   150.2
  8       *m*-F       222.8                   148.9

Solvation in water was simulated using COSMO.

![Dependence of proton affinity energies (Δ*E*) in the gas phase (a) and in water (b) on the Hammett σ values of *para*-substituted anilines **1**--**6**.](jo-2017-01406x_0005){#fig5}

We then carried out more detailed analyses on the origin of the *para*-substituent effect on the PA of 2,6-diarylanilines **2** and **6** that possess the OMe and CF~3~ substituents, respectively. The two substituents represent the opposite extremes along the series of substituents that were investigated: *para*-OMe substitution leads to the largest proton affinity (231.2 kcal mol^--1^), whereas *para*-CF~3~ substitution results in the lowest proton affinity (217.4 kcal mol^--1^). Such a difference is attributed to different electron-donating/electron-withdrawing character of these two substituents, with values of Hammett σ constants (2σ) being −0.54 for OMe and 1.08 for CF~3~. Thus, OMe makes the anilinium ring significantly more basic than does CF~3~. Our work also shows that the OMe substituent placed at the *meta* position results in a similar PA (−230.7 kcal mol^--1^), despite having a very different 2σ value of 0.24. Thus, we have included *meta*-substituted anilinium cation in our further analyses.

We focused again on those systems that have the largest and the smallest proton affinity in our series, including electron-donating and electron-withdrawing groups. Thus, the following analysis was performed on *para*-CF~3~- and *para*-OMe-substituted 2,6-diarylanilinium systems (*p*CF~3~\_H^+^ and *p*OMe_H^+^, respectively). In order to analyze the through-space interactions between the ammonium group and the two *para*-substituted aryl rings in the anilinium cations, the central benzene ring was removed, while the remaining three moieties (two *para*-substituted phenyl radicals and the ammonia radical cation) were kept frozen to their geometry and position they had in the complete anilinium system (see [Figure [6](#fig6){ref-type="fig"}](#fig6){ref-type="fig"}). The radical positions were terminated with hydrogen atoms (see the three light blue atoms in [Figure [6](#fig6){ref-type="fig"}](#fig6){ref-type="fig"}a). Note that only these three hydrogen atoms were geometrically optimized at the ZORA-BP86/TZ2P level (see [Figure [6](#fig6){ref-type="fig"}](#fig6){ref-type="fig"}b); the rest of the system was kept frozen in order to keep the structure of the original system.

![Structure of (a) *para*-substituted 2,6-diarylanilinium cation and (b) mode system used in through-space cation−π interaction analysis.](jo-2017-01406x_0006){#fig6}

We have analyzed: (i) the interaction between the two substituted benzene rings A and C upon formation of \[A···C\] and (ii) the interaction between this \[A···C\] fragment and B = NH~4~^+^ or NH~3~. The interaction energy Δ*E*~int~ between the phenyl rings A and C in \[A···C\] is slightly repulsive but close to zero ([Table [3](#tbl3){ref-type="other"}](#tbl3){ref-type="other"}), due to the long distance between them (closest H···H distance is 3.2 Å).

###### Through-Space Cation−π Interaction Analyses (in kcal mol^--1^) for the Modified Anilinium Cation (B = NH~4~^+^) and Aniline (B = NH~3~) Model Systems[a](#t3fn1){ref-type="table-fn"}

                                      A + C → \[A···C\]    \[A···C\] + B → \[A···B···C\]                  
  ---------------- ------- ---------- ------------------- ------------------------------- ------ -------- --------
  *p*CF~3~\_H^+^   CF~3~   NH~4~^+^   0.4                              --3.3              25.4   --2.4    --26.3
  *p*OMe_H^+^      OMe     NH~4~^+^   0.3                             --17.5              28.3   --18.5   --27.3
  *m*OMe_H^+^      OMe     NH~4~^+^   0.3                             --17.7              29.7   --18.4   --29.0
  *p*CF~3~         CF~3~   NH~3~      0.5                               7.1               21.8   --9.4    --5.3
  *p*OMe           OMe     NH~3~      0.3                               7.8               24.6   --10.9   --5.8
  *m*OMe           OMe     NH~3~      0.3                               7.8               24.0   --10.4   --5.8

See [Figure [6](#fig6){ref-type="fig"}](#fig6){ref-type="fig"}b. Computed at the ZORA-BP86/TZ2P level of theory.

Next, the through-space cation−π interaction of the \[A···C\] fragment with the ammonium fragment B was subject to a bonding analysis including the energy decomposition energy (EDA). First, the interaction Δ*E*~int~ in the case of the OMe (*p*OMe_H^+^) substituent (−17.5 kcal mol^--1^) is clearly more stabilizing than in the case of the CF~3~ (*p*CF~3~\_H^+^) substituent (−3.3 kcal mol^--1^; see [Table [3](#tbl3){ref-type="other"}](#tbl3){ref-type="other"}). This is the source of the higher PA of the *para*-OMe-substituted diarylaniline system, given the fact that the through-space neutral N--H−π interaction in the corresponding unprotonated diaryl aniline **2** is repulsive and approximately equal in the case of the two substituents (i.e., 7--8 kcal mol^--1^; see [Table [3](#tbl3){ref-type="other"}](#tbl3){ref-type="other"}).

The EDA decomposition of Δ*E*~int~ into electrostatic, Pauli, and orbital interaction terms allowed us to assign such difference to Δ*V*~elstat~, which is reduced from −18.5 to −2.4 kcal mol^--1^ as we go from *p*OMe_H^+^ to *p*CF~3~\_H^+^. On the other hand, Δ*E*~Pauli~ and Δ*E*~oi~ present similar magnitudes for both substituents ([Table [3](#tbl3){ref-type="other"}](#tbl3){ref-type="other"}). With the aim to understand the different magnitudes in electrostatic interaction from OMe to CF~3~, the Voronoi deformation density (VDD) charges were then calculated. [Figure [7](#fig7){ref-type="fig"}](#fig7){ref-type="fig"} depicts the VDD charges for both substituted \[A···C\] fragments for either *p*CF~3~\_H^+^ ([Figure [7](#fig7){ref-type="fig"}](#fig7){ref-type="fig"}a) or *p*OMe_H^+^ ([Figure [7](#fig7){ref-type="fig"}](#fig7){ref-type="fig"}c) systems. The latter causes the carbon atoms of the benzene ring to be more negatively charged than those in the presence of CF~3~. Note the exception of the C atom directly linked to OMe, which experiences an inductive effect. In fact, the overall charge of the aryl ring with *p*CF~3~\_H^+^ is +30 me., compared to −18 me. for *p*OMe_H^+^. This trend in aryl ring charge reflects the electron-pushing character of OMe and the electron-pulling character of CF~3~. The more negatively charged *p*OMe-substituted aryl rings enter into a more stabilizing electrostatic interaction Δ*V*~elstat~ with the ammonium cation ([Figure [7](#fig7){ref-type="fig"}](#fig7){ref-type="fig"}b), as revealed by our EDA analysis ([Table [3](#tbl3){ref-type="other"}](#tbl3){ref-type="other"}). It is noteworthy that Wheeler's and Houk's computational results suggest that substituent effects in cation−π interactions and π--π stacking interactions could arise mainly from direct interactions of the cation with the substituents, whereas π polarization seems to only play a minor role.^[@ref3],[@ref16]^ Our 2,6-diarylanilinium system, however, possesses the geometry in which the substituents at the distant *para*/*meta*-positions of the flanking aromatic rings are located away from the anilinium cation and therefore cannot participate in energetically favorable direct interactions with the NH~3~^+^ functionality.

![VDD charges (in milli-electrons) for fragments (a) *p*CF~3~\_H^+^ in \[A···C\]; (b) NH~4~^+^; and (c) *p*OMe_H^+^ in \[A···C\], calculated at ZORA-BP86/TZ2P level.](jo-2017-01406x_0007){#fig7}

The magnitude of the through-space orbital interactions is very similar for the *p*CF~3~\_H^+^ and *p*OMe_H^+^ anilinium cations, namely, -- 26.3 and −27.3 kcal mol^--1^, respectively ([Table [3](#tbl3){ref-type="other"}](#tbl3){ref-type="other"}). The dominant frontier orbitals in this interaction are the symmetric combination of the aromatic π-type HOMOs of the two aryl groups in the \[A···C\] fragment and the unoccupied N--H σ\* LUMO of the ammonium cation (see [Figure [8](#fig8){ref-type="fig"}](#fig8){ref-type="fig"}). Note that the substituents affect the shape of the aryl HOMO only marginally, as reflected also by the moderate change in overlap values ([Figure [8](#fig8){ref-type="fig"}](#fig8){ref-type="fig"}). As a consequence, if all pairs of donor--acceptor orbital interactions as well as closed-shell--closed-shell repulsions are taken together (not all shown in [Figure [8](#fig8){ref-type="fig"}](#fig8){ref-type="fig"}), the effects are marginal, and the Δ*E*~oi~ and Δ*E*~Pauli~ terms change only insignificantly along the different substituents. Therefore, even though they constitute a large bonding term, the orbital interactions are not responsible for the difference in through-space interaction and thus PA between *p*CF~3~- and *p*OMe-substituted anilines. This difference originates from the significantly different electrostatic attraction Δ*V*~elstat~.

![HOMOs of the *p*CF~3~- (left) and *p*OMe-substituted (right) diaryl fragment \[A···C\] and LUMO orbital of B = ammonium cation (center) showing the relevant HOMO--LUMO overlap.](jo-2017-01406x_0008){#fig8}

Finally, we have also performed the EDA analysis for *meta*-OMe-substituted 2,6-diarylanilinium (mOMe_H^+^). The results enclosed in [Table [3](#tbl3){ref-type="other"}](#tbl3){ref-type="other"} confirm indeed similar behavior of this substituent either at the *meta*- or *para*-position in the aryl rings with respect to its proton affinities. This is further and direct evidence that the mechanism behind the substituent effect on the PA is a through-space interaction.

Conclusions {#sec3}
===========

In conclusion, we have demonstrated that p*K*~a~ values and proton affinities of 2,6-diarylanilines undergo linear correlation with respect to Hammett σ values of substituents at the distant *para* position of the flanking aromatic rings. We attribute these observed and calculated trends to through-space cation−π interactions between the central anilinium cation and the two neighboring, electron-rich aromatic rings. Our compelling experimental and computational work shows that through-bond effects do not account for the observed strengths of basicity for a series of 2,6-diarylanilines. A nonplanarity of the system highlights that the resonance effect does not play an important role in the chemical properties of 2,6-diarylanilines. The inductive effect is also excluded due to a presence of several bonds (six bonds between the anilinium NH^+^ and the substituted C~δ~ of the flanking aryl rings). Our experimental investigations are strongly supported by quantitative MO theory and energy decomposition analyses that conclusively provide evidence that (i) the effect of the *para*-substituents is through-space; (ii) through-space orbital interactions are sizable but do not discriminate; and (iii) instead it is the electrostatic attraction between the electron-rich aromatic rings and the positively charged ammonium ion that is decisive for the trend in proton affinity values. In association with recent examinations of energetically favorable cation−π interactions in biomolecular systems,^[@ref17]^ we showcase that our physical--organic approach provides a strong support for the stabilization of 2,6-diarylanilinium cations via intramolecular through-space cation−π interactions.

Experimental Section {#sec4}
====================

Synthesis of 2,6-Diarylanilines {#sec4.1}
-------------------------------

To a stirred solution of 2,6-dibromoaniline (0.5 mmol) and Pd(PPh~3~)~4~ (0.08 mmol) in toluene (7 mL) were added the ethanolic solution of arylboronic acid (0.75 M, 1.5 mmol) and the aqueous solution of Na~2~CO~3~ (1.87 M, 4 mL). The reaction mixture was then stirred at 80 °C for 3 days. The solution was poured into 30 mL of water and extracted with diethyl ether (3 × 30 mL). Combined organic layers were then dried with Na~2~SO~4~, filtered, and evaporated *in vacuo*. The crude product was purified by column chromatography (5% ethyl acetate, 95% heptane) to afford pure 2,6-diarylaniline.

**1:** White solid (94 mg, 77% yield); mp 83--85 °C; ^1^H NMR (500 MHz, CDCl3) δ 7.52--7.50 (m, 4H), 7.47--7.44 (m, 4H), 7.37--7.34 (m, 2H), 7.12 (d, *J* = 7.5 Hz, 2H), 6.90--6.87 (m, 1H), 3.84 (s, 2H); ^13^C NMR (126 MHz, CDCl~3~) δ 140.8, 139.8, 129.8, 129.3, 128.9, 127.9, 127.3, 118.1; HRMS (ESI-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~18~H~16~N 246.1277; found 246.1286.

**2**: White solid (105 mg, 69% yield); mp 102--104 °C; ^1^H NMR (500 MHz, CDCl~3~) δ 7.45--7.42 (m, 4H), 7.08 (d, *J* = 7.5 Hz, 2H), 7.00--6.98 (m, 4H), 6.88--6.83 (m, 1H), 3.85 (s, 6H), 3.81 (s, 2H); ^13^C NMR (126 MHz, CDCl~3~) δ 158.8, 141.2, 132.0, 130.4, 129.5, 127.6, 118.1, 114.2, 55.3; HRMS (ESI-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~20~H~20~NO~2~ 306.1489; found 306.1493.

**3**: White solid (96 mg, 70% yield); mp 115--116 °C; ^1^H NMR (500 MHz, CDCl~3~) δ 7.45--7.43 (m, 4H), 7.30--7.28 (m, 4H), 7.13 (d, *J* = 7.5 Hz, 2H), 6.92--6.89 (m, 1H), 3.51 (s, 2H), 2.42 (s, 6H); ^13^C NMR (126 MHz, CDCl~3~) δ 156.1, 143.9, 143.7, 141.3, 127.7, 127.1, 125.1, 120.0, 29.4; HRMS (ESI-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~20~H~20~N 274.1590; found 274.1592.

**4**: White solid (62 mg, 44% yield); mp 145--146 °C; ^1^H NMR (500 MHz, CDCl~3~) δ 7.74--7.63 (m, 4H), 7.14 (d, *J* = 7.5 Hz, 2H), 6.94--6.91 (m, 2H), 3.78 (s, 2H); ^13^C NMR (126 MHz, CDCl~3~) δ 162.1 (d, *J* = 247 Hz), 140.9, 135.5 (d, *J* = 3.5 Hz), 131.0 (d, *J* = 8.0 Hz), 129.9, 127.0, 118.2, 115.8 (d, *J* = 21.5 Hz).; HRMS (ESI-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~18~H~14~F~2~N 282.1089; found 282.1095.

**5**: White solid (99 mg, 63% yield); mp 111--113 °C; ^1^H NMR (500 MHz, CDCl~3~) δ 7.48--7.45 (m, 4H), 7.17--7.12 (m, 4H), 7.09 (d, *J* = 7.5 Hz, 2H), 6.87 (t, *J* = 7.5 Hz, 1H), 3.75 (s, 2H); ^13^C NMR (126 MHz, CDCl~3~) δ 140.6, 137.9, 133.3, 130.7, 129.9, 129.1, 126.8, 118.4; HRMS (ESI-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~18~H~14~Cl~2~N 314.0498; found 314.0515.

**6**: White solid (145 mg, 76% yield); mp 79--81 °C; ^1^H NMR (500 MHz, CDCl~3~) δ 7.74--7.63 (m, 8H), 7.14 (d, *J* = 7.5 Hz, 2H), 6.93 (t, *J* = 7.5 Hz, 1H), 3.78 (s, 2H); ^13^C NMR (126 MHz, CDCl~3~) δ 143.2, 140.5, 130.3, 129.6 (q, *J* = 32.5 Hz), 129.5, 126.7, 125.9 (q, *J* = 3.5 Hz), 124.1 (q, *J* = 272.0 Hz), 118.6; HRMS (ESI-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~20~H~14~F~6~N 382.1025; found 382.1028.

**7**: White solid (113 mg, 74% yield); mp 113--114 °C; ^1^H NMR (500 MHz, CDCl~3~) δ 7.38--7.35 (m, 2H), 7.12 (d, *J* = 7.5 Hz, 2H), 7.10--7.08 (m, 2H), 7.05--7.04 (m, 2H), 6.92--6.90 (m, 2H), 6.88--6.84 (m, 1H), 3.92 (s, 2H), 3.84 (s, 6H); ^13^C NMR (126 MHz, CDCl~3~) δ 159.9, 141.1, 140.8, 129.9, 129.7, 127.7, 121.6, 117.9, 114.7, 113.1, 55.3; HRMS (ESI-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~20~H~20~NO~2~ 306.1489; found 306.1497.

**8**: White solid (65 mg, 46% yield); mp 58--59 °C; ^1^H NMR (500 MHz, CDCl~3~) δ 7.44--7.41 (m, 2H), 7.29--7.27 (m, 2H), 7.23--7.20 (m, 2H), 7.12 (d, *J* = 7.5 Hz, 2H), 7.06 (m, 2H), 6.88 (t, *J* = 7.5 Hz, 1H), 4.30--3.46 (bs, 2H); ^13^C NMR (126 MHz, CDCl~3~) δ 163.1 (d, *J* = 247 Hz), 141.7, 130.5 (d, *J* = 7.5 Hz), 130.0, 126.8, 125.0, 118.3, 116.3 (d, *J* = 7.5 Hz), 114.4, 114.2; HRMS (ESI-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~18~H~14~F~2~N 282.1089; found 282.1091.

Quantum Chemical Analyses {#sec4.2}
-------------------------

The bonding mechanism of ammonium cation (taken from the anilinium cation) or ammonia (taken from aniline) with the two substituted benzene rings (taken from aryl rings) was analyzed within the framework of quantitative Kohn--Sham molecular orbital theory^[@ref18]^ in combination with a quantitative energy decomposition analysis (EDA)^[@ref18]^ in the gas phase. The electronic bond energy Δ*E* can be decomposed into the strain energy Δ*E*~strain~ associated with deforming the fragments from their equilibrium structure to the geometry they adopt in modified aniline, plus the interaction energy Δ*E*~int~ between these deformed fragments. The latter is further decomposed into the classical electrostatic attraction Δ*V*~elstat~, Pauli repulsion Δ*E*~Pauli~ between occupied orbitals, and stabilizing orbital interactions Δ*E*~oi~.^[@cit14a]−[@cit14c],[@cit14e]^ Atomic charges were computed with the Voronoi deformation density (VDD) method.^[@ref19]^
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